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‘Absolute
polarization

5 RHIC and Polarimetry

Polarizéd H-Jet

/> Precise beam polarization
measurements for RHIC
experiments (value and direction)

» Fast feedback for polarized beam
setup, tune and development

Local Polarimeters

Monitor spin direction at collision
(confirmation of long. polarization)

STAR Beam-Beam Counter Schematic
Front View



Polarized H-Jet Polarimeter PN, N, P
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H-Jet:

Example from Run6

| asym_target_blue | pol_blue |
i 0.?;—
00l L € 00 g
* iy e E_r_f_g_et 0.5 f|_++ Pbeam — € peam
0.03'—;1:"— -+ e 3
[ - | 04 i Ptarget gtarget
=f=t= 0.3
0.02 —+ s B: 0.566 +/- 0.011 (1.1)
e e 0.2;—
0.01: beam D.1f—
i O __
b —
[ t_'ZMp Ek/n
[ -0.2E
_0.D1II|IIIIIIIII| IIIIII IIIII III I|I III II
T2z 3 4 5 6 12 3 4 Polarization vs fill
Eyin (MeV) Eyin =
0.9F
0.8F |
: Ny 0.7
Measures average over beam profile polarization 060 ‘ + | N 1 f : 5: |
. c o . OE | I
with fill-by-fill stat. uncertainty ~7-10% ot 81 M ﬁﬂ.} i III* i
0.45— ]'!“I * +|'| + ‘| |
Data accumulated for a few fills provide 0.3F “ ”M | \ +
normalization for pC polarimeter with stat. 0.2F- | +
uncertainty <<5% 01E
78007650 7700 7750 7800 7850 7900 7950 8000



H-Jet: From one to two beam measurements
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v’ Background level slightly increased as
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P-Carbon Polarimeter:

Left-right asymmetry in elastic scattering: Interference between electromagnetic
and hadronic amplitudes in the Coulumb-Nuclear Interference (CNI) region

&
Pbeam S
Aﬁc
NL _NR
Ey =
N, + N,

L Polarized Recoil
proton carbon

Ultra thin Carbon Target Scan mode (20-30 sec per measurement)

ribbon Target B
(5 ng/lcm?) Stat. precision 2-3%

4-5 measurements per fill (every 2-3 hours)

. Polarization profile, both vertical and horizontal
Si strip detectors

3 (TOF, E¢) Normalized to H-Jet measurements over many fills



Pbeam = sC
pC: Ay 4

o = N, — Ny
Y N, +N,
US;de 'Zg Lﬁgfv’;lzﬁg‘m pC-CNI  Sizable analyzing power in wide
<Z 0025k proton beam energy range
oL with weak energy dependence
-  E,=31 GeV (:> gy dep )
- = E.=100 GeV ) . .
°'°2; N . E2=250 GeV pC elastic scattering in CNI
- . region is ideal for polarimetry in
00151 . wide beam energy range
0.01— :
- = . E.i, range — the major source of
0.005— Eyin(C) = 0.4+0.9 MeV . syst. uncertainty for Ay
" 15% syst. uncertainties not shown ; f CA.f fixed
. ... s e-normalize pC Ay for a fixe
obos 0.01 0.015 0.02 0.025 E,.. range every Run (for a given

-t (GeV/c)? pC setup) using H-Jet



Poarization Profile

If polarization changes across the beam, the average polarization seen by
Polarimeters and Experiments (in beam collision) is different

H-Jet pC Collider
Experiments

N

X=X,

(B)=Bx,)®L(x,y) (B)=RNOL(x,») (B)=Rx)1)NOL(x,»)®L(x,y)

P, ,(x,y) — polarization profile, /; ,(x,y) — intensity profile, for beam #1 and #2
9



Pol. Profile and Average Polarization

Scan C target across the beam

In both X and Y directions

[ Intensity profile (arb. units) |
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|deal case: flat pol. profile (cp=0 = R=0)

Run9:;
Vs=200 GeV: R~0.1 = 5% correction
Vs=500 GeV: R~0.35 = 15% correction



pC+HlJet: Polarization vs Fill

Run-2009 results (Vs=200 GeV)

| Run9 sqrt(s)=200 GeV: Polarization in collision vs Fill # l
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Rate related systematics in Run9 and solution

Run9, Vs=500 GeV:

MocE-ToF?2 vs Rate (kHz/strip)

‘ Pol 1: mass vs rate
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1  Ultrathin Carbon I m provements i n pC

ribbon Target
(5 pug/cm?)

Si strip detectors

(TOF, E) Significantly upgraded before
Run9:

Two independent polarimeters in each ring
(but using the same DAQ)

v Improved vacuum chamber
v New target holders

Better target positioning

6 vertical and 6 horizontal targets in each
polarimeter — enough for long Run

~Simultaneous measurements of vertical
and horiz. polarization profiles

v’ 6 detectors in each polarimeter
Slots to test new detectors

13



pC+Hjet: Path Forward

Towards 6P/P<3%

pC:
Old amplifier New amplifier v'New FEE (faster preamplifiers):
: to be replaced before Run 11
1] F— S |~ R T s 2000105 RCTOEE [ 1t r— = |~ BTG T e 20 RTIE ]
£ TLS v"New type of detectors (radiation hard,
=1 i e uniform, better resolution, less sensitive to
" / T pm background)
> s b v'DAQ upgrade (from CAMAC to VME,
10 ps " ' possibly from WFD to ADC/TDC)
- i 0 .
v'Slow control / Monitoring
v’ Tools for machine experts
=z 0.06[
HJet: <
0.05:— . %
v"New type of detectors with possibly i i1 { ;{,&L Jr .
extended acceptance (larger statistics = b ? | % %
better precision) F
v'Better control of molecular (and other) m§
background (becoming a dominant source ~o
of syst. uncertainties) e E—

-t (GeV/c)?



Local Polarimetry

PHENIX:

Utilizes spin dependence of very forward
neutron production discovered in RHIC Run-

2002 (PLB650, 325)
A (V=200 GeV) ~ 7%
Beam energy dependent (A increases with \s)

Beam-Beam Counters
3.3<|n|< 5.0 (inner tiles)

STAR:
Detects forward hadron in BBC acceptance
A (V=200 GeV) ~ 0.7%
Beam energy dependent (A decreases with Vs)
(Also ZDC based polarimeter commissioned in Run9)

Version 4/16/01- 2
Updated 2/25/02
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Local Polarimetry

PHENIX ZDC: Asymmetry vs ¢

Monitors spin direction in collision region

Measures transverse polarization Py,
Separately Py and Py

Longitudinal component: P, = P> -P?
P — from CNI polarimeters

STAR BBC: Asymmetry vs bunch #
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Summary

» RHIC Polarimetry consists of several independent subsystems
Hjet:
Absolute polarization measurements
pC:
Polarization monitoring vs bunch and vs time in a fill
Polarization profile

PHENIX and STAR Local Polarimeters:

Monitor spin direction (through trans. spin component) at collision
Polarization vs time in a fill and vs bunch (for trans. pol. beams)

» Provides crucial information for RHIC pol. beam setup, tune and
development

» Provides precise RHIC beam polarization measurements
With relative uncertainty 6P/P<5%

» Continuously developing
Vacuum chamber upgraded by Run-2009

Experienced high rate related systematics from pC in Run9 Vs=500 GeV =
faster FEE (by next RHIC Run)

Future upgrades: target system, detector, DAQ to deal with high beam
luminosity, and to improve precision, efficiency and reliability 17



Backups



Height: 3.5 m
Weight: 3000 kg

Entire system moves along

x-ax1s —10 ~+10 mm to

- ' g adjust collision point with
e RHIC beam.

RHIC proton
beam

| |
[IP12 | 1




H=p +e Hlet target system
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RJet: Py get

Source of normalization for polarization measurements at RHIC

Nuclear polarization of the atoms
measured by BRP: 95.8% + 0.1%

i
ﬁ [ [
g Nuclear polarization

0.98 l

Correct for H,, H,O contamination.

0.94
P+ (Pl
a
0 5 10 15 t2'0 )
1 day Poarge = 92:4% + 1.8%

Polarization cycle
(+/ 0/ —)=(500/50/500) seconds

Very stable for entire run period !



Hlet: Identification of Elastic Events

ToF vs Energy

Forward scattered

proton

proton beam : e
e
, proton\‘ )

target

recoil proton
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=
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Energy vs Channel #
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Array of S1 detectors measures Ty & ToF of recoil proton.

Channel # corresponds to recoil angle 0y,.
Correlations (T & ToF ) and (T & 0y ) = the elastic process



H.let: AN |n pp Aﬁp:%

target
PLB638, 450 100 GeV em 4 had had * 4 em had |?
; 4y = Im (¢SF NF +/‘¢NF ‘

100 GeV: calculations with no hadronic spin
flip amplitude contribution are consistent

z0.06

0.05

0.04

0.03

0.02]-
- with data
0.01 ‘
033 S L 24 GeV: calculations with no hadronic spin
10 10 t (GeVic)’ flip amplitude contribution are not
007 o+ \5=6.8GeVv consistent with data
o.06F Irgl =0 24 GeV
U e (Re r, Im r;)= (-0.008, -0.109)
0.05 ;— }
= 0.04F ST I
003 T~ Tt T
092 PRD 79, 094014(2009)
0.01— ‘
0 - | IR I |
107 1072
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pC: goals/strategy

Polarization measurements for experiments

Target Scan mode
Provides polarization at beam center, polarization profile, average polarization over profile

20-30 sec per measurement
For stat. precision 2-3%

4-5 measurements per fill (every 2-3 hours), per ring
Controls polarization decay vs time in a fill

Polarization profile, both vertical and horizontal

Normalized to Hlet measurements over many fills
Knowledge on polarization profile in one transverse direction is required

Fill-by-fill polarization
Knowledge on polarization profile in both transverse directions is required

Feedback for accelerator experts
Beam emittance measurements, bunch-by-bunch
Polarization profile, both vertical and horizontal
Polarization (and polarization decay in a fill)
Polarization at injection (and polarization loss in transfer)

Polarization on the ramp (and polarization loss during ramp)
24



pC: A,

Elastic scattering: interference between electromagnetic and hadronic amplitudes
in the Coulumb-Nuclear Interference (CNI) region

had had
C ¢ﬂzp ¢n(§ln—ﬂip + C2¢ non— flip ¢ﬂZD

. 0.05
0.05 —— pC Analyzing Power <
£ o Run04
0.04 _II‘ 0-0 :_.-/\\
:gll." n'c.\“'.__.: :||
0.03 i\, zero hadronic 003~
[N :
s\ e 0.02
Z el %\ - A& N
< 002 i N T -
001 i With hadronic 0011
.- [ spin-flip (E950) n
0 S o
O O Dttt 001
O0l0™0.01 0.02 003 004 005 3
00005 0.01 0.015 0.02 0.025 003 0035 004 0045 5
t (GeVic)*) o
Phys.Rev.Lett.,89,052302(2002) unpublished

E,pom = 21.7GeV Epoor = 100 GeV ,



pC: polarization in a fill

Example from Run-2006

Some fills may show polarization decay vs time

10 hours

Run6: average polarization drop during a fill 0.3-0.4% per hour

B I ue PR 60814 Al T62 Ye I I ow PR 0308213
Prob 01831 08583
- po 50,51+ 2.113 & 60.53+ 242
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po% l . |
T T
¥4 ! ndf 197.2 /130 w2/ ndf 205.9/129
—_ Prob 0.0001312 B Prob 1.954e-05
§ E po . -0.4313;003&‘.&3 S = po -0.2787 + 0.03483
s o e s se s elma e s m e = = e e e =k em e = E-—""'--""--'""'--""'--'"'--"'"--""'--""--"'"'--""'--:"
5 C i s -
s LF : & 4F
- — : ° .
&100 7600 “F760 7800 “7a00 “§100
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TR T T 7o
s { 1 saE
¥ s
60%E T
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Average Polarization

X’ x’ = o
( ) max p 20}23 ( ) max p 2012 012)
H-Jet <P> = IP(X’ y)l(x’ y)dx _ Pmax

I[(x,y)dxdy - JI+R,

If target positioned at beam

pC —
<P> Foax peak intensity/polarization
. 1 I R
Collld_er <P> _ _[P(x,y)]l(x,y)lz(x,y)dxdy _p +E Y If 6,,= 0=
Sqpeiihme: JrGe L pddy [T

Corrections due to polarization profiles are different when normalizing
pC to H-Jet and when propagating pC measurements to experiments

Polarization profile in both trans. directions (X,Y) required



pC: Polarization Profile o pe0290.07
Scan C target over the beam cross: Zi
[ Intensity profile (arb. units) | 0:2‘
pC o
. 1. Directly measure ¢, and
_oi
<> "
A 2. Obtain R directly from the
s P(/) fit:
C  oaff
o i
‘S 03 2 N
g 02 ¢ P(x)=PmaX~exp(— 20?,)
— © ' . p=p_.| 1
S| = mox | 7
= I(X) :]max 'CXp(— 202} ) max

Target Position

Precise target positioning is NOT necessary



PC: Run-2009 issues

Measurements for 100 GeV and 250 GeV beams

Sizable rate dependencies (x3 higher rates than previously)
Targets appeared to be wider than expected
Higher beam intensity for 100 GeV (1.7x10"" /bunch in 109 bunch pattern)
Smaller beam size for 250 GeV

Substantial pC-system upgrade is being considered:
Better (thinner and uniform) target production
More robust detectors, smaller acceptance
Faster preamps
Replace WFD with simple ADC/TDC scheme?



pC for RHIC pol. beam set up, tune and
development

Run-2009

oo - I
bt

0.004

o
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S
>

Asymmetry

0.002 -

S min
20 40 60 80 100 120 140 160 180 200 220 240
Beam Energy [GeV]

0

0.012 - Resonance around 140 GeV

Sharper pol. profile for 250 GeV

beams compared to 100 GeV beams
(No pol. profile change from AGS to RHIC
100 GeV)

Studied for different RHIC setups

Consistent with no polarization loss
on the acceleration ramp between
RHIC injection and 100 GeV

Polarization loss on the ramp
between 100 and 250 GeV

Intensity vs Pol. Profiles

+ . 100 GeV ., 200 GeV
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PHENIX Local Polarimeter

Spin Rotators OFF
Vertical polarization

Spin Rotators ON
Current Reversed
Radial polarization

Spin Rotators ON
Correct Current !

Longitudinal polarization!

PHENIX ZDC: Asymmetry vs ¢

Monitors spin direction in collision region



PHENIX Local Polarimeter

Utilizes spin dependence of very forward neutron production discovered in
RHIC Run-2002 (PLB650, 325)

A, vs. p_for leading neutron —+ \s =62 GeV

< oqF Scaling uncertainties, 9.6, 11 and 22% | —e— \s = 200 GeV /DC (energy) + SMD (pOSItlon)
r for 62, 200 and 500 GeV, not included
- 0.4 <x —=— \/s = 500 GeV
0.05 :_ . F T~—
C PH:<ENIX
OF - preliminary
-0.05 b
F IJ/—‘\\Q‘ 1 A Neutron
-0.1;— %/\_’* ——{)-»o= T ’__‘:
C = !
0.5 '
Ry = S
0.2 Eslirnlated p'T vaTiation 2 RIMS) in eactli bin |
(.illll[).1.I II0.2II II().3I.I I0.4II II!'.).5I I
P, (GeV/c)

v’ Controls spin vector in runs with trans.
polarized protons

v" Controls residual trans. polarization in
runs with long. polarized protons

v Capable to precisely monitor polarization
decay vs time in a fill and bunch-by-
bunch polarization (in trans. pol. runs)

32
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PHENIX Local Polarimeter

Run-2009

Asymmetry vs bunch # :

low beam
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5 min data !
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Precisely monitors bunch-by-bunch polarization and polarization vs time in a fill
(for transversely polarized beams)



PHENIX Local Polarimeter: energy dependence

|Cross section of forward neutron production ( integrated in 0<p,<0.11x_ (GeV/c) )|

—

0.9
£/ = Ns=30.6 GeV:ISRdata PHENIX preliminary‘
08H & \5=44.9 GeV: ISR data
0.7H \s=52.8 GeV : ISR data
E| = \5=62.7 GeV : ISR data bt bt
0-6L1 ¢  \5=200GeV : PHENIX data $ i
0.5? g : I T
oab. PHFENIX 4
- i L
0.3F gk I
- 8 #
ra il
o . B : [
- [ ]
0.1f g B F
S R \ | Ll \ | |
0 01 02 03 04 05 06 07 08 09

in fixed ZDC geometry

— polarimetry is less
efficient for lower beam
energy

See M.Togawa talk at PST-09 next week

do/dx; is nearly energy independent =

<p>,5c ~ Beam_Energy (or \s)

A, vs. P, for leading neutron

S =62 GeV

< o1 Scaling uncertainties, 9.6, 11 and 22% | —e— \/s = 200 GeV
- for 62, 200 and 500 GeV, not included
~ s =500 GeV
0.05 [ 0-4 < XF
: SHZEN
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-0.05— AN
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B T 1 ‘ g
-0-1:— T —— Q) >oF0) ——
: /\T/l l
-0.15—
 ——
02— Estimated p variation (2 RMS) in each bm
[ L 1 1 1 I 1 1 I L I 1 L 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1
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